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For sany enrn 1% bHas bean asswed that in s1lk Mbroin, stretohed
hgly and masole, s othar protelus with ths F.deystin structure the
polypeptirte aiaing sve sxtended to mearly thelr maxiram lengih, sbout
3.6 & par residuny and during the last decede 1t has been sssumad aleo
that the chains fore latersl hydropen bonde with of lagent chalne, which
have t:e orposite arientation, i hrédroganwbonded lacer of ihis novt is
repressntod diagrammationlly Sn Mgure 1.3 20 30 4

He have now disoovered that {here fs another, pathaer g'nilar
hrdrogenebonded layer Wig&ﬁi@m of polrypeptide ehelss, vhish 21ffere
fyo: that of Plgure 1 in soveral ways. In the new sonfiguration, v fegh
ve shinll onll the deatedwahent oonligaeationy the plans forwed by the
tuo ohain bonds of the §x enrhor: ate: 1s parpendieular to the plane «f
the shaety as show: in Plgures 2 end 3, rather than belng eoincidet
with 1t, In :ia sizueturs the sucesnrive yesiduss in n‘mng!.r: e
pintlarly orlented, m;mg their onrbony) M%:\A ,Lav;é Aﬁ‘fi; LEA R

groud in the sase-war, <0 all of the otalne are ortentad in e pwrw
»
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wayy lostesd of adiacert ohaine be'ng o-pesed in dirsedion,

Lot us sawwme that a polyveptide chaln with ‘he eenfigurstion
i teatsd dlagrarnationlly in Figwwe 2 1o bont fn sueh & wn that the
plans of the suseossive Sestdak Fobn dfhodral angles viose edges sre
Wﬂﬂuw%p}mrﬁmwm@amot%m {the
lines commmoting mosessive o earden atoms). Tt 15 fornd that if the
bored distances ard Dond angles arve given the waluas that »e have used
in our recent comsiderations of motein esonfigoretions, tha dihedral
angle has the walne 106,5% end e wertieal eonoonent of the axis of
sach residue io 3,07 4. I%t iz alzo frun? thet the carbonyl and Imine
grovre ame sylented 1n much s wsy that the gan form satisfactory
hydrogen 2ends with cowresponding grours in ghains obtatined by lateral
translation, I the lateral tramlstion is glven the walue £.75 3,
the Hewllersd dlstanes 1o 2,75 &3 thie is a mornal hydregenebond distanes.
The Heell axis 1les within 6® of the NeosD gxis, Indicating that a stabls
hySrogen bond should be formad, The osoerdinates of atoms for the plested.
sheet configummiion are given in Table 1, and a dyawing of the confige
uration is shown an Figurs 3.

It $» to be noted thal esgh inide grouy in the ohain {neglecting
the side chaine) may be desoribed ss obtained fro: the preecding one
by tha operation of & glide plane of gywmetr:, Bacauae of thia, side
chairs of § aring acld rosiduss nres related differentl: te the structurs
vhan attechoed 10 ome o sebon ate than vhon sttashed te e a carbon
atox of an adjsesnt resifne. The pleatadegheet oonfimuraticn can se~
cordingly be described as invelving ouly ore ¥ind of glreins residue,
in cuse that 1% were %o Do acmined by a polyrlpeine, dut tue kinds of
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residuss Tor all optismlly setive mninowaeid polywers. Those two kinda
differ in that, for the [ configwmtion, a residus of one kind peints
1ts P saybon aton in the 00 direction, ant s reetdus of the other
kind points {ts £ ewbon ator in the Hell direction.

Y have found soms evidemoe to surpord the bolief that the pleatede
sheet configuration is present in stretched ~usele, siretohed halr,
fosther lorating and sowe othor Mbreus preteins thal have Deen assirwed
the [wkeratin stmotuge. These ryoteins give »eyuy dlagrars on whieh
thers 1s a strong mevridional reflection correspending to spaeing about
343 Kep which 18 8 few porcent larger than the fibeveaxis dlwtense per
residue for the undistorted rleated sheet, but smeh smaller then the
value 46§, for fully extonded polypeptide chains, We have noticed
that *he plested sheat oan be subjected, withmt mapturing the hydrogen
bands, 10 a oconsidereble distortion, 1u mueh & v’ a8 o i{neresse ‘i
fibeyeaxis distanve. This distortion 1s affooted by rotating esch
imide grovp about its Ceul® mxis threugh & soall ansle. The retstion
moves one of the tww  positions of sach emrdon stom farthar fron the
wedian plaze and the othor nearer,; and the of foctive reistions for
the two mea inda of ortionlly astive veg!duse are such as
to permit ssch to be an [ realdus wit: its side ghain farthor frem the
modiar plans than in the undisterted strusture, Presuwwmbly the van der
Haals repulsion of the side ohatin stoms and the main ¢hnin ploms would
be eperating in profaine of norssl shemiosl cempueition with the pleeted.
sheet osonfiguration, and this uould caure soe dlstortion of the ehalne
lengthening zort, (It is to he noted that twm kinds of pleated sheate

ean bo construsted of [ aninvegsid residues, of whieh for ome the
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tha dsforwaticn that relieves the strain of slde~chain van der Wasls
repulsion inereases the fidar-exis length, and for the other 1t dee
creases 1t,) Tt might well ocoowr that the megnitude of the deforme-
tion would be sush as %0 give the fiber-axis restidue length cbaerved
for the f-keratin rreteins, sbeut 3,3 A, This deformation resulte
from & 20° rotation of the inide groups, vhich gives 3.32 A. as the
residue length, Ceordimatss for the structure with 20° rotation and
alse for & less Joformed atructure, with 7* rotation, are giwen in
Table 1.

The deformed strushures require some distortion of the hydwogen
bonds, in thet {if the hydrogen atom {s kept evplanar with the imtde
group the Neall direetion deviates fyom the He++0 axis by an angle
somewbat grester than the distorting angle of rotation, The mature of
the distertion is ewch, however, as to sugpest that not muoh strain
energy 1s involved. let us comsider the effect on the stability of the
imide greup of moving the hydrogen atom onto (or nearl  omte) the
BeeeQ axis, ?h‘}}n:aﬁm would keep the hydrogen atom nearly in a plane
mmmn\e planey that is, 1% invelves soving the hydrogen
stox tovards one af the tetrshedral aorners of the nitvogen atom, If
the nitrogen aton were forming a pure double Yend with the earbonyl
oarbon C' thers wo:ld be styeng resistancs to this rotien of the hydre-
gon ston, ‘towever, it forms a bond with sbout eneehalf double«bond
w;ad am-whnifa:imlu:m GW oorrespending to the ros-
onance  E==0! v w—ar

e S ¢ o

»”

§ and for the second of
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the strustures the Setrahedral position for ths hydrogen atom would be
the normal one, vhareas for the first the plenar position is ptable,
Assordingly we would prediet that this rotetionsl distortion of the
pleated sheet would not involwe so xuch strein as if the bomds wers
doudle bonds,

muymmhmtmaammarmwmmm
the pm:- sonfiguration, throwgh yotation of the two ends /l-~-nna
:___:;:/ 1n oppestte divestions sbout the N=o=0! wxis, night be ex-
pected t:m. The strwin enurgy of this distortion, whieh ip essenw
t1ally also the strain snergy of distortion of the hydrogen ator eut of
the plane, oan be sstimeted in the follewing vay. With % the athedrml
sngle formed by the planes of the two ond groups, the iride resonance
snergy may bs Sakon equal to Qaiaﬂ (5~T/2), and the atrain eneryy
to 4 #in® §. The fagtor 4§ is the imide resonance emergy for the planer
configuration, This ney Do estimated as ebout 30 hoal mole"t, (The
experinental value for the carboxylate lon, in whisch emsch of the twe
G0 bonds has 50 parcent doublesbond character, 1s 36 keal mole™), amd
sonmevhat amaller values are found for axides, ssters; and related sub-
stances.”) mmmme.im»wn strein energy for 10°
d1stortion of the Wnide group, 0.8 keal mole™l for 20° dtstortion, end
so on,; and wo may prediet that dlstorticns a2 largs as 20° might well
soour, in structurss in whish these Jistortions would relieve a larger
strain, but that i{n genersl the polypeptide chain would awoid astructures
{mwvolving such strains., In any oase, ve would expect the distortion to
be divided betwesn the imide residue snd the hydrogen dond., In ealoul-
ating the coordimmtes of Table 1 we have not taken asecunt of these dis-
tortions.
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The Alsoussion of the pleated sheet in feleredin and other pro=
tolne will be presented in following papers. In this dlsoussior we
sake wse of the Serey ssatering fors factor for the aheet, The form
fastar, saleulsted for refiestions fyon plemes pamellsl %o the median
pamnmmmmw,nmmx;mmnm
have, in Plgure iy s saloulated fyom the acustion J 'Sxfl‘” (2'ﬂ'zic\m 6/ %e
The sum has boon taken over the atome of one residus of the wndistorted
strocture, including aleo a f mi atomy with y ¥ 2,04, the . m
given in the Inbermations) Tebles for (Orystal Strustures toruination -/ i
having been used,

This iuwesiigation was aided by a grant from The Voekefaller
Yousdation, The Netiorml Foundeticw for Infantils Puralrsis, and The
Bntsted States Mblic Health Serviee,



Cesrdinates of Atome in the Polypep¥ide Fleated«shsot Configmmtion

0,00
0,36
0.53
1%
0,00
-0 36
0.53
1.%%
8,00

115
6.30
w0428
w0edd
wled5
030
0.28
.14

0,00
1.4
1.9
1.7
3.07
422
498
480
64

3shia 3

7° Rotation

0.00
0,36
0,53
1.7
0.00
-0, 36
0453
1.2
0.00

1.9
0.6
»0, 3
<0, 31
~1.09
«0.39
0.22
-0 404
1,09

0,00
1.17
1.%6
.75
315
422
5.12
4495
6430

20° Rotation

0,00
«0,36
0.50
1.63
0.00
o0y 34
0.5
1.63
0.00

0.96
0.35
0,40
0,64
0496
“0.14

039
0,96

0,00
.29
1.98
1.58
3,32
449
5049
5,50
6.64
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